Arteriovenous fistulation between the vertebral arteries to extradural (epidural) veins, termed vertebro-vertebral arteriovenous fistulae, are uncommon diagnoses without established diagnostic algorithms or treatment options. Minimal evidence exists describing the management of this pathology. Endovascular treatment was performed under general anaesthesia by coil occlusion of the vertebral artery from the point of the fistula to the mid-vertebral artery. Repeat magnetic resonance angiographic imaging one week following the procedure confirmed an 80% reduction in the size of the epidural vein and decompression of the cervical spinal cord. At four-week follow-up there was significant qualitative improvement in the myelopathic symptoms including walking distance and pain. Normal physiological filling of the collapsed extradural vein was observed on follow-up digital subtraction angiography at five months. Catheter angiography by an experienced interventional neuro-radiologist is critical in defining the anatomy and providing minimally invasive treatment.
Introduction
Spinal arteriovenous fistulae (AVF) result in high-flow shunting from the arterial to the venous system with resultant dilatation of both vessels and 'arterialisation' of the vein. The manifestations of this diverse pathology are dependent on the anatomical site of fistulation into the venous system. Dural AVF, also known as pial AVF, are the most common type found in the spine with epidural AVF being much rarer. 1 Epidural (extradural) AVF are mostly found in the cervical spine, 2 as the fistulation occurs between the vertebral artery, or from one of its major branches, into a vertebral venous structure; these are widely termed vertebro-vertebral AVF. Vertebro-vertebral AVF are associated with significant neurologic morbidity and represent an acquired abnormal shunt from an artery into an epidural vein with or without involvement of the paravertebral vein or the anterior and posterior venous plexi. Symptoms occur due to mass effect and may manifest as long-tract myelopathy with compression of the spinal cord. Radiculopathy with compression of the nerve roots or possibly through venous hypertension is also a clinical feature. If there is significant arterial venous shunting then arterial steal may occur and manifest as cerebral or cerebellar ischaemia. We report the management of a giant vertebro-vertebral fistula with resultant decompression of the cervical spinal cord.
Case report
An 18-year-old female was referred to the interventional neuroradiology service with a one-year history of progressive deterioration in fine-motor skills including her ability to write, co-ordination of her upper and lower limbs and with worsening mobility believed to be myelopathic in nature. The patient described rest and nocturnal cervical neck pain with more recent paraesthesia and numbness in her right hand. A vague twomonth history of stereotypical episodes was also given, including confusion and repetitive questioning of her family and also altered sleep pattern; however, the patient had no recollection of these episodes. An electroencephalogram two months previously had shown liability to seizures and she was commenced on lamotrigine. There was a past history of cerebral palsy and subdural haemorrhage at 5 months of age, with mild learning difficulties but overall good function and the patient was enrolled on a higher education course studying land horticulture. There was no significant family history and the patient lived with her parents. Examination revealed a dystonic posture; she was able to grip with the left hand with difficulty but could not voluntarily relax the hand. Gait was spastic but there were no focal motor deficits.
Initial magnetic resonance (MR) imaging of the head showed a vascular abnormality at the skull base with marked compression of the upper cervical cord which was displaced posteriorly (Figure 1(a) ). Further imaging of the whole spine confirmed a grossly dilated right vertebral artery and a dilated extradural vascular structure compressing the cervical cord and extended from the cranio-cervical junction to the second thoracic vertebra (Figure 1(b) ).
Computed tomography angiogram confirmed the right vertebral artery was grossly enlarged causing expansion of the transverse foramen ( Figure 2(a) ). At the level of C2 a fistula from the right vertebral artery to a grossly dilated epidural vein was identified ( Figure 2(b) ). Numerous dilated vessels surrounding the spinal cord were felt to represent dilated intervertebral veins secondary to drainage from the enlarged arterialised anterior epidural vein.
The patient underwent general anaesthesia prior to endovascular intervention (American Society of Anaesthesiologists (ASA) grade 2). Blood pressure was maintained at 120 mmHg systolic maximally throughout the procedure. Cerebral angiogram demonstrated a normal calibre left vertebral artery with reflux down the right vertebral artery into the C2 fistula, confirming that the dominant supply to posterior circulation was via the left vertebral artery (Figures 3(a) and 4). Angiography of the right vertebral artery confirmed a single-point fistula between the right vertebral artery to the epidural vein at C2/C3 ( Figure  3(b) ), due to the high flow shunt, the right vertebral artery was not contributing to the cerebral circulation. No spinal cord supply was visible from the right vertebral artery. A 6Fr neuron guide catheter (Penumbra, USA) was positioned in the right vertebral artery proximal to the fistula. Due to the very high arterial flow through the shunt a 7 mm Â 7 mm hyperform balloon (Ev3, France) was positioned and inflated in the fistula; this was to provide temporary occlusion and therefore allowed coil placement without prolapse of coil into the epidural vein. The balloon was deflated and removed once a stable coil mass was achieved. Parent artery occlusion by coil embolisation of the right vertebral artery above and below the fistula was performed with a mixture of 26 embolisation coils (Twelve Microplex 18 Cosmos Complex (MicroVention Inc, USA), five Target 360 Soft (Stryker Neurovascular, USA) and seven Interlock fibre coils (Boston Scientific, USA)) from the level of C2 to C4 to achieve complete occlusion (Figure 3(c) ). Post-procedure 5000 units of dalteparin were administered.
The patient was transferred to the neuro-intensive care unit and recovery was unremarkable. Within three days the patient was discharged with subcutaneous dalteparin 10,000 units once daily for two weeks and tapering dexamethasone and ranitidine. The dalteparin was given to prevent thrombosis Angiography demonstrated normal anastamotic filling of the distal right vertebral artery via branches from the right ascending cervical artery. There was no abnormal collateral circulation. The appearances of the basilar artery and posterior circulation were unchanged. Furthermore right-sided injections demonstrated normal regional perfusion of the upper cervical structures with normal venous phase filling of the extradural vein; particularly there was marked reduction in the size of the vein (Figure 6 
Discussion
Vertebro-vertebral AVF are rare entities and believed to arise following trauma, spontaneously or associated with underlying connective tissues disorders, such as neurofibromatosis or Ehlers-Danlos syndrome. 3, 4 In this case there was no underlying connective tissue disease or history of trauma.
It is important to delineate the anatomy of a venous system that fistulation occurs into, the vertebral venous plexus being composed of the internal and external plexi, with anterior and posterior divisions, and the basivertebral veins. As the vertebral venous plexi may drain to the paravertebral veins, depending on the site of fistulation retrograde flow into the radicular/radiculomedullary veins may result in radiculopathy. 3 In addition it is important to be sure if there is a single or multiple dural or epidural arterial branches connecting to the venous system. Radiculopathy is a common feature associated with spinal epidural AVF affecting the lumbar and cervical spine. 5, 6 In this case exclusive, or at least predominant, epidural venous drainage into the internal venous plexus was found. The internal venous plexus is bounded by the vertebral bodies and the posterior longitudinal ligament; speculatively, this possibly limits the length of subsequent dilatation of the epidural venous structures, as opposed to dural fistulae where extensive dilated veins can be found along the length of the spinal cord.
Myelopathy may result from epidural AVF by compression external to the thecal sac or through venous hypertension; myelopathy and venous hypertension may occur with dural AVF. 7 Acute paraplegia has been reported with epidural AVF; however, this was associated with cord haemorrhage/infarct rather than cord compression. 8 Indeed venous thrombosis associated with a dural AVF may be catastrophic depending on the vascular territory drained by the affected veins. Epidural venous thrombosis in the absence of radicular vein involvement is less likely to result in cord haemorrhage.
Recent review of the management of vertebro-vertebral AVF has shown that endovascular transarterial embolisation with ethylene vinyl alcohol copolymer dissolved in dimethyl sulfoxide (Onyx, Ev3 Inc) has been the most commonly used approach, with glue and particulate agents less well represented. 8 In this reported case owing to the giant fistula, transvenous or transarterial liquid embolisation was not considered as a first-line option; due to the high flow through the fistula there was a high risk of distal venous and arterial embolic events which could result in arterial or venous infarction. Parent artery and fistula site coil occlusion aimed to allow decompression of the venous system with subsequent regression of the dilated venous structures, without causing obstruction to the normal epidural venous plexus. In this case myelopathic cord compression was significantly improved without alteration in normal venous drainage.
Transvenous embolisation in this case was not pursued for several reasons; to reach the fistula site would require traversing the internal jugular vein into the intervertebral venous branches and then the epidural (internal) venous plexus, and would have been a more Internal venous plexus (epidural), distended by shunt (4). Intervertebral vein distended by shunting and exiting through cervical neural foramen (5) . Distal flow from shunt to paravertebral veins and external venous plexus, subsequent drainage into internal jugular vein or deep cervical veins (6) . Radicular vein (draining medullary system) with exiting cervical nerve root and radicular artery (intradural) (7) . Branches of radicular vein bridging extramedullary and intramedullary veins (8) . Spinal cord (9) . challenging approach to the fistula than direct access via the vertebral artery. In addition the angle of the fistula in relation to the giant epidural vein was unfavourable for stable microcatheter position; this would also be a disadvantage for adequate positioning of the microcatheter against the flow of the fistula. Another consideration is rupture of the dilated epidural venous system could result in a large epidural haematoma and further compression on the spinal cord. Similarly, a large coil mass in the epidural space would prevent collapse of the vein and cause obstruction of normal venous drainage. Although parent artery occlusion of a single vertebral artery renders a patient potentially reliant on a single ipsilateral vessel, one often finds post-embolisation collateral channels become apparent and reconstitute the vessel distal to the embolisation site. In this case the normal ascending cervical artery branches were seen to reconstitute the distal right vertebral artery. A potential technique considered by the operator was placement of a microbraid mesh occlusion device (WEB Aneurysm Embolization System, Sequent Medical, USA) in the fistula with a second microcatheter used to coil sacrifice the right vertebral artery, once stable coil mass achieved then to detach WEB device. The operator decided against this option, as to our and the device manufacturer's knowledge the WEB device has not been utilised for this clinical scenario.
Distinction between an epidural (vertebro-vertebral) AVF from a dural AVF or an intramedullary arteriovenous malformation is critically important. Intramedullary spinal cord arteriovenous malformations are fed by arteries that supply the neural tissue (spinal cord parenchyma) whereas dural AVF are fed by radiculomeningeal arteries, derived from the segmental arteries that originate from the aortic vertebral arteries, and drain into the radicular veins toward the perimedullary veins. 9 Subsequent increase in spinal venous pressure diminishes the normal perfusion pressure gradient and leads to a decreased drainage of normal spinal veins and venous congestion, cord oedema and ultimately chronic hypoxia and progressive myelopathy. 1, 9 Vertebro-vertebral AVF in the paediatric population is often diagnosed following detection of a bruit. It is likely the peripheral neurological symptoms are often missed as the young patient is unable to describe symptoms adequately or such motor skills have not yet been learnt; furthermore, in paediatric patients there is often marked capacity to accommodate arteriovenous shunting in many organ systems including the spine.
Conclusion
The case demonstrated successful transarterial treatment of a giant vertebro-vertebral AVF causing mass effect upon the cervical spinal cord with MR-demonstrable reversible cord compression. Catheter angiography is mandatory as temporal information is critical in characterising the pathophysiology of the fistula and discerning the site of the fistula and the presence of early draining veins.
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